]. While in msn mutants R is composed of ‫008ف‬ ommatidia. Each contains eight different neurons, called R1-R8. The formation of an cell growth cones were able to extend into the developing optic lobe, their innervation patterns within the adult R cell projection pattern begins at the third instar larval stage. R cell axons converge at the optic stalk lamina and the medulla were altered (compare Figure 1C with Figure 1A ). The msn phenotype exhibited a certain and project retinotopically into the optic ganglia. R1-R6 growth cones terminate in the first optic ganglia layer, similarity to that of dock loss-of-function mutants.
In dock mutants ( Figure 1B ), many R1-R6 growth the lamina, whereas R7 and R8 axons extend further into the second optic ganglia layer, the medulla. Loss cones passed over their normal target (i.e., lamina) and extended further into the medulla layer, generating gaps of dock function affects R cell pathfinding, target recognition, and topographic map but does not affect R cell in the lamina R1-R6 termination site (a smooth continuous line of immunoreactivity in wild type; Figure 1A ). In growth cone extension (Garrity et al., 1996) .
In this report, we provide molecular and genetic eviaddition, dock affected R cell fasciculation and growth cone morphology. Similarly, we found that loss of msn dence for the in vivo interaction of Dock and Msn in R cell growth cones. We demonstrate that like Dock, Msn function caused defects in R cell targeting and fasciculation ( Figure 1C ); gaps were observed in the R1-R6 termiis localized to R cell axons and growth cones and is required for the proper targeting of R1-R6 growth cones. nation site, coincident with projections of abnormal, large bundles into the medulla. R cell growth cone morMsn associates with Dock in intact flies and interacts with Dock genetically. We propose that Msn functions downphology was also altered in msn mutants. Unlike in dock, however, in msn, R cell growth cones were able to exstream of Dock in controlling R cell growth cone motility.
pand upon reaching the target. While all msn mutants examined (n Ͼ 30) exhibited defects in R cell innervation Results pattern, the severity of the phenotype varied from individual to individual.
Loss of msn Function Disrupts R cell Growth Cone Termination Pattern
To investigate the potential role of msn in R cell growth msn Is Required in the Eye for the Termination of R1-R6 Growth Cones cones, we assessed the effect of msn mutations on R cell projections. As strong loss-of-function alleles of To determine whether msn is required in the developing eye for R cell projections, we carried out genetic mosaic msn are embryonic lethal, we examined R cell projec- , 1996) . assessed by lacZ staining ( Figure 1E ). In contrast, in all Since at this stage the vast majority of axonal processes mosaic adults examined (n ϭ 26), R1-R6 axons from msn in the lamina neuropil are expanded R1-R6 growth mutant patches passed over the lamina and terminated cones, the uniform staining of Msn and Dock in the abnormally in the medulla ( Figure 1F ). These results indilamina neuropil suggests strongly that Msn and Dock cate that msn, like dock, is genetically required in the colocalize to R1-R6 growth cones. No such staining was eye for R1-R6 growth cone targeting. Similarly, we deseen in wild-type larvae stained with preimmune serum tected no obvious defects in the differentiation of the ( Figure 2C ) or in msn mutants stained with anti-Msn R1-R6 targeting region (i.e., lamina) in msn mutants, as serum ( Figure 2D ), confirming the specificity of the antiassessed by anti-Dachshund staining (data not shown).
Msn serum. Like Dock, Msn was also detected in the Moreover, eye-specific expression of a msn transgene medulla neuropil, consisting of R7 and R8 axons as well rescued R cell projection defects in homozygous msn as non-R cell axons. In addition to strong staining in R mutants (data not shown). Figures 1C and 5A ). The R1-R6 termination site at the lamina became more disorganized. R cell growth cones ing of SH3-1 and SH3-2 to the PXXP sequence in the polypeptide of Msn, whereas SH3-3 is less necessary were much less expanded and appeared more similar to those of dock mutants ( Figures 1B and 5D ). This for the binding. Su et al., 1997) . Similarly, Msn date is the receptor tyrosine phosphatase PTP69D, which has recently been shown to be required for the has been shown to be upstream of JNK activation in
]. Interestingly, we found that the binding of Dock to Msn is mediated mainly by its SH3-1 and SH3-2 domains. Mutations in either SH3-1 or SH3-2 reduction by half of dock gene dosage dramatically enhanced the msn phenotype (compare Figure 5B with inhibited the association of Dock with Msn, indicating that a stable association requires the simultaneous bind-

